deep-brain stimulation (DBS) 1, [6] [7] [8] 12, 18, 22, 23, 31, 51 for treatment-refractory OCD published in the last 10 years did not provide information on symptom dimensions, while 6 ablative 25, 28 and DBS 14, 20, 21, 54 studies described or commented on obsessive-compulsive symptom characteristics, and only 2 studies actively investigated the association of symptom dimensions with clinical outcome. 44, 47 The first study, published by Rück and colleagues in 2012, 44 used an algorithm to calculate symptom dimensions based on the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) Symptom Checklist (Y-BOCS-SC), 19 and reported that patients with prominent symmetry/order and/or hoarding symptoms were less likely to benefit from anterior capsulotomy. The second study, published by Sheth and colleagues in 2013, 47 stratified 64 patients undergoing anterior cingulotomy or limbic leucotomy in the 4 symptom dimensions defined by Bloch and colleagues, 10 according to the lifetime presence of obsessive-compulsive symptoms based on Y-BOCS-SC endorsed items, and found no correlation with outcome in a univariate regression analysis. There has also been 1 report suggesting that patients with more egosyntonic obsessive-compulsive symptoms benefit less from DBS. In this report, 14 4 patients experiencing perfectionism, need for symmetry, seeking reassurance, and hoarding symptoms had mean Y-BOCS reductions of 10% after stimulation in the nucleus accumbens for 32 weeks, while the entire sample of 16 patients had mean Y-BOCS reductions of 46%, including 9 patients without these symptoms in which the reduction was greater than 50%. Although still tentative, correlations between patterns of obsessive-compulsive symptoms and surgical outcome (using different brain targets) could not only improve surgical protocols, but also provide more direct evidence to support the assumption that symptom dimensions are individually associated with distinct neurobiological substrates. 3, 5, 17, 34, 38, 39, 55 The objective of this study was to further investigate if symptom dimensions influence the treatment outcome of limbic system neurosurgeries for OCD through the analysis of data from 3 different research centers. Specifically, Dimensional Y-BOCS (DY-BOCS) 41 or Y-BOCS-SC scores were used to codify patients into 4 symptom dimensions (as proposed by Bloch and colleagues 10 ): forbidden thoughts, contamination/cleaning, symmetry/ order, and hoarding. Score reductions on the Y-BOCS determined clinical outcome. Based on previous findings that the hoarding dimension is particularly linked to worse response to conventional treatments, 32,53 distinct neuroimaging characteristics, 5, 46, 55 and possibly reduced benefit from neurosurgical interventions, 14, 44 we predicted that patients with hoarding symptoms would have worse outcome when compared with nonhoarders.
Methods

Patients and Surgical Interventions
Information on 77 patients who underwent limbic ablative procedures for treatment-refractory OCD from 3 research centers at São Paulo, Brazil (University of São Paulo Medical School, or USPMS group; n = 17), Boston, Massachusetts (Massachusetts General Hospital, or MGH group; n = 37), and Stockholm, Sweden (Karolinska Institute, or STOCK group; n = 23) was analyzed. Data were incomplete for a further 3 patients from the MGH cohort that were not included. A full description of patient selection and surgical procedures at each site, including details and schematics of the target areas, has already been published by Lopes 11, 47 and patients from STOCK received radiosurgical or thermoelectric capsulotomy (6 patients underwent more than 1 procedure). 44 The combination of data from different centers provided for a sufficiently large patient sample for meaningful analyses. However, while USPMS and STOCK patients underwent comparable neurosurgical procedures (broadly termed internal capsule ventral capsulotomy), MGH patients received a distinct modality of ablative lesions (cingulotomy), and the mechanisms of action involved in symptom amelioration could result from the modulation of different neurobiological pathways. Separate analyses were conducted based on surgical technique alone to address this issue.
Data presented in this study were extracted directly from the original databases of participating research centers. Although reports from these cohorts have been previously published, 30, 43, 44, 47 our results include comparisons among centers and analyses of the combined data set based on symptom dimensions, and are unique to this report. All centers received approval from their local ethics committees, and written informed consent was obtained from all patients.
Symptom Dimensions and Outcome Measures
Symptom stratification based on the well-established 4 factors proposed by Bloch and colleagues 10 was obtained using the DY-BOCS (USPMS) or the Y-BOCS-SC (MGH and STOCK), and treatment outcome was defined based on Y-BOCS score reductions at the last follow-up visit. In detail, the DY-BOCS measures the presence, interference, and intensity of obsessive-compulsive symptoms within 6 dimensions that combine thematically related obsessions and compulsions: aggression, sexual/religious, symmetry, contamination/cleaning, hoarding, and miscellaneous. 41 Aggression and sexual/religious scores were combined to form the forbidden thoughts dimension, and miscellaneous scores were not considered. The Y-BOCS-SC organizes obsessions and compulsions into 15 categories, including 2 categories for miscellaneous items, and scores were combined to calculate 4 symptom dimensions: 2 items refer to hoarding obsessions or compulsions (hoarding dimension), 7 to symmetry obsessions and ordering, counting and repeating compulsions (symmetry dimension), 11 to contamination obsessions and cleaning compulsions (contamination dimension), and 27 to aggressive, sexual, religious, and somatic obsessions, and checking compulsions (forbidden thoughts dimension). Therefore, DY-BOCS and Y-BOCS-SC measurements were stratified into 4 symptom dimensions 10 and coded as present or absent for each patient based on the endorsement of at least 1 item under each category. This dichotomic definition, based on lifetime occurrence, was used in subsequent analyses. Note that each patient could score on more than 1 symptom category.
Statistical Analyses
Analyses were conducted using the Statistical Package for Social Science (version 15.0, SPSS Inc.), and R software (version 2.15.2; http://www.r-project.org). Normality was evaluated using the Shapiro-Wilk test. Analysis of variance models, adjusted by least squares, were used to compare symptom dimensions, surgical modality (cingulotomy or capsulotomy), and Y-BOCS scores before and after surgery. Reported results are based on Student t-tests and analysis of mean scores using the ANOVA Ftest, with a 95% CI and p value set at 0.05.
Results
Research Center Comparisons
There was no difference among basic demographic characteristics between centers. Mean age at the time of surgery was 36.4 ± 10.8 years (range 18-69 years), and 47 men and 30 women underwent the various procedures. There was no difference among centers with regard to preoperative and last observation Y-BOCS scores ( Table 1) . As expected, the standard deviation increased in postoperative measures, indicating that preoperative Y-BOCS scores were more homogeneous (due to similar inclusion criteria requirements for surgical procedures) and indicating that the treatment effect is heterogeneous (patients responded differently to the interventions). In all, Y-BOCS scores reduced 34.2% after surgery (95% CI 27.2%-41.3%; p < 0.001, paired t-test) with a mean followup of 68.1 months (USPMS, 43.5 ± 19.6 months, range 3-86 months; MGH, 30.1 ± 22.4 months, range 6-75 months; and STOCK, 10.9 ± 3.8 years, range 4-17 years). Although there was no significant difference between centers, patients undergoing capsulotomy tended to benefit more from the interventions compared with patients who received cingulotomy (mean Y-BOCS reduction of 38.7% ± 32.8% in the USPMS and STOCK group [n = 40], vs 28.3% ± 27.8% in the MGH group [n = 37], respectively; p = 0.178). Symptom dimension frequencies varied among centers, with forbidden thoughts and symmetry/ordering significantly less represented in the STOCK cohort when compared with the whole sample, and hoarding being the least prevalent dimension in all centers (Table 2) .
Symptom Dimension Comparisons With Clinical Results
Patients with hoarding symptoms had a worse response to treatment (mean Y-BOCS reduction of 22.7% ± 25.9%, n = 30, vs 41.6% ± 32.2%, n = 47) compared with all other patients (p = 0.006; Table 3 ). Patients with forbidden thoughts apparently also had worse response to treatment compared with all other patients (mean Y-BOCS reduction of 30.1% ± 29.6%, n = 62, vs 51.3% ± 32.7%, n = 15, respectively; p = 0.033). Both effects were independent of surgical technique, and patients endorsing In the entire sample, the effect of forbidden thoughts proved dependent on the co-occurrence of hoarding (Table 4) . A 3-way ANOVA model, adjusting for higher preoperative Y-BOCS scores among hoarding patients compared with all patients (preoperative mean Y-BOCS score = 34.7 vs. 32.7, respectively; p = 0.019), confirmed that surgical modality (cingulotomy or capsulotomy) had no effect on outcome (Table 5) . By removing this factor, a 2-way ANOVA model demonstrated that only the negative influence of the hoarding dimension remained: patients with hoarding symptoms had a mean Y-BOCS reduction of 7 points, while patients without hoarding had a mean Y-BOCS reduction of 13 points (p = 0.002; Table 6 ; Fig. 1) . A multiplier coefficient value of 2.82 (Table 6 ) confirmed that the treatment effect was unstable (it varied among patients, as expected), and the low correlation coefficient indicated that preoperative Y-BOCS scores had little effect on postoperative measures. Finally, it is noteworthy that patients without forbidden thoughts and without hoarding symptoms (n = 12) clearly had the best clinical result (mean Y-BOCS reduction = 19.3; Table 4 ).
Discussion
This study used a dimensional strategy to evaluate if different obsessive-compulsive symptoms could predict clinical outcome in a large sample of patients undergoing ablative limbic surgery from 3 different research centers. We observed that the hoarding dimension significantly correlated with worse response to treatment, and this effect was maintained when controlling for higher preoperative Y-BOCS scores and the presence of other symptom dimensions. The apparent effect of the forbidden thoughts dimension was dependent on the co-occurence of hoarding, and patients without these 2 dimensions benefited the most after treatment. Patients who received ventral capsulotomy (USPMS and STOCK groups) apparently obtained more clinical benefit when compared with patients undergoing cingulotomy (MGH group). This difference was not significant, but it should encourage further research on the efficacy of different surgical techniques in OCD. Nevertheless, patients with hoarding symptoms showed comparably poor outcomes regardless of the surgical modality.
The association of hoarding with worse clinical outcome supports the proposal that hoarders represent a more treatment-resistant subgroup within OCD, as previously reported for conventional treatments, 26, 32, 33, 36, 48, 49 and is consistent with the same tendency reported in smaller surgical samples.
14, 45 The results confirm the emerging view that hoarding has a neurobiological substrate distinct from OCD 5, 52 and lend further support to the addition of a separate hoarding disorder in the Diagnostic and Statistical Manual of Mental Disorders-Fifth Edition (DSM-5). 4 Rück and colleagues, 44 in their previous analysis of the STOCK cohort, reported that the presence and severity of symmetry/order symptoms correlated with worse outcome, and that "…in some analyses, hoarding rather than symmetry/ordering scores appeared as the strongest predictors." Although the latter conforms with our results, the former was not found in our study, probably for 3 main reasons: 1) there were methodological differences in defining symptom dimensions based on different instruments (DY-BOCS and Y-BOCS-SC), and symptom severity was not included in our outcome analyses, as discussed in the methods; 2) the prevalence of the sym- metry dimension was significantly lower in the STOCK cohort compared with USPMS and MGH samples, and the increased number of patients endorsing the symmetry dimension in the combined sample could have reduced the effect found in their cohort; and 3) our analysis of the STOCK sample revealed that among the 9 patients with the symmetry dimension, 5 also had hoarding symptoms. Although this was accounted for in the regression model used by Rück and colleagues, it could partially explain why, in some analyses, hoarding was the strongest predictor of worse outcome, similarly to the correlation we found with the co-occurrence of forbidden thoughts and hoarding, the latter being associated with more refractory psychopathology. As expected, hoarding had the lowest prevalence among the 4 dimensions in all centers. Hoarding symptoms, when secondary to OCD, are not usually prominent, 37, 46, 50, 53 and in our combined sample hoarding was never the primary OCD symptom. To our knowledge, there are no reports of OCD patients presenting with hoarding as their most prominent symptom or fulfilling criteria for Hoarding Disorder (DSM-5) 4 undergoing limbic system surgery. Our findings and previous findings may not generalize to such individuals. However, our results call for careful screening of those symptoms in any patients under consideration for limbic surgery.
Details about side effects and complications from the 3 centers, including all patients analyzed in this study, have been submitted to publication at the time of this writing (USPMS, Lopes and colleagues 29 ) or have already been published (MGH, Sheth and colleagues; 47 STOCK, Rück and colleagues 44 ). In short, most adverse events were mild and self-limited, but serious complications also occurred, including radionecrosis (USPMS and STOCK groups), seizures (MGH group), and urinary dysfunction (MGH and STOCK groups), and these procedures should continue to be performed only in centers with experienced multidisciplinary teams.
A limitation of this study was the impossibility of replicating the method used by Rück and colleagues 44 and compare symptom severity with Y-BOCS measurements, due to the lack of equivalent rating scales to measure obsessive-compulsive symptom severity among centers. The heterogeneity of our sample, inherent to the combination of 3 cohorts from different research centers, in geographically and culturally distinct regions, undergoing different surgical procedures, and managed by independent multidisciplinary teams, could be interpreted as a limitation. However, our analysis did find hoarding significantly correlated with worse outcome, which allows us to interpret hoarding as a symptom apart from other OCD symptom dimensions and as a predictor of poorer response to treatment, including limbic surgery. Also, psychiatric comorbidities and the ratings from secondary outcome mea- surements were not analyzed because data were not comparable among centers. However, because inclusion and exclusion criteria were broadly the same in all centers, and considering that all patients were in the extreme of the severity and refractory spectrum of OCD, it is unlikely that these variables could have significantly interfered. Finally, this study could be underpowered to adequately evaluate whether the forbidden thoughts dimension could indeed be an independent factor of worse outcome.
Conclusions
Our findings extend previous observations that the hoarding dimension could be associated with reduced limbic surgical efficacy 14, 44 and should encourage the systematic screening of symptom profiles in protocols for limbic system surgical interventions, including DBS. By adopting specialized rating scales such as the DY-BOCS, future studies could better determine the predictive value of hoarding and other dimensions for surgical treatments. Teams may want to carefully weigh the potential advantages and risks associated with offering ablative limbic surgery to patients with hoarding symptoms. * The result the model estimates depending on the fixed effects in relation to the intercept. † Bold indicates significant differences.
Fig. 1.
Graph showing ANOVA average profiles for the 95% CIs for the hoarding dimension, coded as present/absent, at the preoperative and last follow-up evaluations (all patients).
